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Motivation for tectonic modeling

• The study of faulting and deformation is more than predicting cracks

• The morphology of a MOR and the characteristics of the associated abyssal hill faults grant us an 
insight into critical processes at depth

• The spacing of faults can tell us about the composition of the mantle

• The length of faults can tell us about the continuity of magma supply

• The width and depth of the MOR axis can tell us about the heat flux through the lithosphere and 
illuminate its mechanical properties

[Howell et al., 2016]
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[NASA/JPL-Caltech/SETI Institute]

And then I saw Europa…

3Surface age of 20 to 200 Myr



Bands and Extension

[Pappalardo and Sullivan., 1996]

Reconstruction of Thynia Linea

100 km
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The Ice Shell

5[NASA/JPL-Caltech]



Band Types

10 km
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10 km

Smooth band
Thynia Linea (Europa)

Lineated band
Yelland Linea (Europa)



Band Types
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10 km 10 km

Ridged band
Unnamed (Europa)

Groove lane
Tiamat sulcus (Ganymede)



Numerical modeling
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Governing and constitutive equations
(I’m sorry)

Conservation of Mass:

Conservation of Momentum:

Conservation of Heat:

Maxwell solid

𝛻𝑣 = 0

𝜂𝛻2𝑣 + 𝜌𝑔 = 𝛻𝑝

𝜌𝐶𝑝
D𝑇

D𝑡
− 𝛻𝑞 = 𝐻

conduction (contains 
temperature and conductivity 

gradients )

ሶ𝜀 =
1

2𝜂𝑣
𝜎′ +

1

2𝐺

𝜕𝜎′

𝜕𝑡
Viscous Elastic

how fast it 
deforms

how hard you 
deform it
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Deformation Mechanisms
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25 km shell
η(Tmelt) = 1013 Pa s
no fault healing

Small faults quickly 
transition to plastic yielding 
(conveyor belt)

Fossil ocean can reach 
surface after ~1 Myr (20 km 
total opening)
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25 km shell
η(Tmelt) = 1014 Pa s
no fault healing

Small faults transition to 
plastic yielding (conveyor 
belt) a little more slowly

Fossil ocean doesn’t quite 
reach surface after ~1 Myr
(20 km total opening)
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Rifting transitions to plastic 
yielding only after 
~ 750 kyr

25 km shell
η(Tmelt) = 1015 Pa s
15 ky annealing timescale

Fossil ocean nowhere near 
surface after ~1 Myr (20 km 
total opening)
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Summary of Example Models
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Conclusion: A spectrum of extensional terrains

• Bands share a common formation spectrum
• Band type is an indicator of relative lithosphere strength
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Questions?

• Bands share a common formation spectrum
• Band type is an indicator of relative lithosphere strength
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